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An

Introduction
The Sun is one of the nearest examples of an astrophysical particle accelerator. Flare-accelerated electrons and ions interacting with the ambient solar plasma produce bremsstrahlung HXR/γ-ray continuum [4] and γ-ray line emission [7, 10] , respectively. Quantitative information about the parent electrons and ions distributions can be inferred from HXR [5] and γ-ray line measurements [11] , which provide strong constraints on the acceleration mechanisms and interaction sites. Transient enhancements of energetic particle intensities of solar origin in space are called SEP events. The analysis of SEP events requires a comprehensive set of EM data to infer information about the origin, the acceleration processes and the transport of these particles. Diagnostics to analyse the source of energetic particles include remote sensing of their EM emission in the solar atmosphere (mainly γ-rays, HXR and radio waves), and direct measurements of particles escaping to space. In the solar context, the term energetic particle refers to electrons of energies up to 100 MeV, and protons and ions up to some GeV, which should be compared to typical thermal energies of the seed population of the order of 100 eV in the corona. The possibility of many complementary tools, including also imaging of the plasma around the presumable acceleration regions, lends a particular interest to SEPs for the investigation of particle acceleration and transport in astrophysical environments.
The work presented here is carried out within the European FP7 project SEPServer, and it aims at the study of a set of SEP events which occurred during the 23rd solar cycle (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . We are recollecting HXR and γ-ray data recorded by INTEGRAL [12] spacecraft, and we are providing information about the photon energy to be detected for each solar flare.
Observing solar flares with INTEGRAL
Although INTEGRAL was not designed for solar flare studies, it also observes photons of solar origin. It was designed so that the Sun is typically to the rear of the instrument, and solar photons enter the instrument through the backside. Then, the BGO-detector of the Anti-Coincidence shield (ACS) of SPI can be reached by solar high energy photons. In fact, the BGO detector is one of the largest detectors of astrophysical high energy photons presently in orbit and can be used to derive light curves without spectral information. ACS provides count rates with 50 ms time resolution above some photon energy threshold in the range of several tens of keV. The detailed value of this threshold depends on the viewing angle between the spacecraft axis and the Sun, as well as on the incident photon spectrum. This information must be derived from the modelling of the instrument.
Such modelling is done here by means of Monte-Carlo simulations, where an evaluation of the observation conditions and the detector response of ACS/BGO-detector for each individual event has been conducted. From the Monte-Carlo simulations, with an initial photon injection which follows a power law, we have computed the effective and bulk energy, and the effective area (see below) that would characterize every event. * Speaker.
Data selection
SEPServer relies on different lists of SEP events published in the solar literature or established by the consortium. Based on the list published by [6] , Table 1 gives the characteristics of those events where INTEGRAL/ACS detected a solar burst, as well as the results obtained from the Monte-Carlo simulations. From left to right, columns display (1) the date of the flare occurrence, (2) its peak time, (3) the flare class, all derived from GOES soft X-ray (SXR) measurements, and (4) its location. Columns (5)- (9) list parameters derived from the ACS detector simulations that will be presented in the following subsection. 
Observational data and Monte-Carlo simulations
The observational data of ACS for the set of solar flares under study has been recollected. All this data will be available at http://www.sepserver.eu. The time resolution of the data used in the present study is 1 second and, for each solar flare, the time interval extends from 1 hour before the GOES peak time to 5 hours after. As a matter of example, Figure 1 shows the light curve for the October 28, 2003 solar flare. The sudden change in the registered count rates, corresponding to the high energy photons arrival coming from the solar flare is clearly seen. Such prompt increase occurs between 11.0 and 11.2 hours, in temporal correlation with the peak time in SXR that GOES recorded at 11:10 UT (11.16 hours).
The response of ACS to incident solar high energy photons has been modelled by means of Monte-Carlo simulations, using a GEANT 1 (CERN) based-code. To reproduce the instrument within the simulations, the detailed GSFC 2 SPI computer mass model [9] has been used, coupled to the INTEGRAL Mass Model (TIMM, developed at the University of Southampton, [1] ) for the other parts of the spacecraft. The high energy photon injection considered follows a power law of the form: F(E) ∝ E −α , setting 3 α = 3. The initial photon energy in the simulations is taken, randomly, within the range 30 keV < E < 10 MeV. Left panel of Figure 2 depicts the initial photon injection used for all the simulations. The photon number counting per bin has been done by means of 500 logarithmic bins within the range of the initial photon energies. The initial source is considered to be a flat disk, with a total projected area of 20106 cm 2 , which injects 10 7 photons.
For each event of the list we retrieved the orientation of INTEGRAL in space 4 . Taking into account the spacecraft pointing direction and the exact timing of the solar flare (i.e., the position of the Sun with respect to the spacecraft at the moment of the parent activity), we computed the meridional (θ I ) and azimuthal (ϕ I ) angles of INTEGRAL with respect to the Sun for each particular case. The computed angles 5 are listed in columns (5) and (6) of Table 1 . In accordance with the design specifications of INTEGRAL we found that the orientation of the spacecraft with respect to the Sun during the events covered the range 67.6 • < θ I < 126. in this particular spectrum, which was meant just as an illustration. Table 1 gives the results obtained for the set of solar flares under study. Columns (5)-(9) list, respectively, the meridional and azimuthal angles of INTEGRAL with respect to the Sun used in the simulations, the computed effective threshold energy, the bulk energy, and the effective area. The bulk energy is considered as that energy for which the detector records the maximum number of hits. To determine the effective threshold energy, we have applied the criterium that the number of hits per bin will be relevant when they exceed half hits recorded at the peak. The exact value of these derived energies are dependent on the way of binning. Here we have used 500 logarithmic bins; but computations of these energies by using different kinds of binning (number of bins, constant widths ,...) have also been made. The result is a slight variation of these values, bringing us confidence on our calculations. The effective area refers to photons in the range 50 keV -10 MeV [8] .
Results
Our calculations indicates that the effective area varies from one event to another, because the photon penetration in the detectors depends on the section of the spacecraft that they must cross: for favorable configurations (e.g., July 13, 2005 solar flare, with θ I = 67.6 • ), the effective area is bigger than for non favorable configurations (e.g., October 28, 2003 flare, with θ I = 122 • ).
Looking at the simulated response of the example shown, we deduce that ACS is sensible to photons above ∼ 80 keV, with the main bulk of photons coming from the energy range 80-300 keV, approximately. For incoming photons whose energy distribution follows a power-law spectrum with index α = 3, the maximum number of detections occurs around 125 keV. The computed total effective area is 73 cm 2 . All these values account for this particular configuration, having the photons to cross the entire bottom part of the spacecraft before reaching the detector.
Summary
We present part of the work that is being carried out under the FP7 SEPServer project. High energy data observed by INTEGRAL/ACS for a set of solar flares of the last solar cycle is being recollected. For all these cases, ACS recorded a substantial increase of the count rates, with a close time relation to the peak in SXR reported by GOES.
With an initial power law injection of high energy photons, and knowing the exact orientation of the spacecraft, we have performed Monte-Carlo simulations of the ACS response for each particular event. We have also derived the effective energy, the bulk energy, as well as the effective area for the energy range considered. We find that the effective area is the quantity which varies most from event to event.
Even if INTEGRAL was not meant to perform solar observations, we sustain that its data can also be used for solar flare studies, being relevant for a better understanding of SEPs origin and of their acceleration processes.
